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DIALDEHYDE-MODIFIED ANIONIC AND AMPHOTERIC POLYACRYLAMIDES 
FOR IMPROVING STRENGTH OF PAPER 

Bachgrpwid Qf thg Invention 

Field of the Invention 

This invention relates to improving the strength of paper and more particularly 
it relates to dialdehyde modified anionic and amphoteric polyacrylamides which 
when incorporated in paper result in improved strength. 

5 Description of the Rnpr Art 

Several anionic and amphoteric polyacrylamides have been, or are in the 
process of being, commercialized by Hercules Incorporated for the paper industry. 
Anionic polyacrylamides comprised of acrylic acid with a small amount of 
crosslinl^er are described in US 5,543,446 the disclosure of which reference is 
10 hereby incorporated by reference. Amphoteric polyacrylamides comprised of 

methacryloyloxyethyl-trimethylammonium chloride (MTMAC) and itaconic acid with 
a small amount of crosslinker are described in WO 98/06898, the disclosure of 
which reference is hereby incorporated by reference. All of these materials 
Improve the dry strength of paper via electrostatic attraction and hydrogen bonding. 

15 

SHmmary of ttie Invention 

According to the present invention there is provided a composition comprising 
crosslinked thermosetting, water soluble polymer having nonionic moieties derived 
fnDm acrylamide, methacrylamide or both; anionic moieties derived from a,p- 
20 unsaturated carboxylic acids having from 3 to 5 carbon atoms and salts thereof; 
moieties derived from water soluble divinyl monomer, and optionally cationic 
moieties derived from unsaturated monomers containing amino groups or 
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quaternary ammonium groups, said polymer having aldehyde functionality where 
the aldehyde functionality is derived from a dialdehyde. There is also provided a 
composition consisting essentially of crosslinked thermosetting, water soluble 
polymer having nonionic moieties derived from acrylamide, methacrylamide or 
both; anionic moieties derived from a.p-unsaturated carboxylic acids having from 3 
to 5 carbon atoms and salts thereof; and optionally cationic moieties derived from 
unsaturated monomers containing amino groups or quaternary ammonium groups, 
said polymer having aldehyde functionality where the aldehyde functionality is 
derived from a dialdehyde. 

Further according to the present invention there are provided processes for 
preparing the polymer of the present invention; for making paper with such 
polymer, for making paper with such polymer in combination with a cationic 
adjunct; and paper comprising polymer of the present invention. 

Detailed Des cription of the Invention 

Surprisingly, it has been discovered that the reaction of dialdehydes (such as 
glyoxal) with anionic and amphoteric polyacrylamldes results in improved dry 
strength and wet strength as well as providing repulpable or temporary wet 
strength. 

The ionic prepolymers of the invention are made from nonionic monomer 
selected from the group consisting of acrylamide and methacrylamide. anionic 
monomer, and optionally cationic monomer. The amount of anionic monomer plus 
cationic monomer comprises from 1 to 50 mole percent of the total of anionic, 
cationic, and nonionic monomer In the prepolymer. Acrylamide is the preferred 
nonionic monomer. 

Anionic monomers are preferably a,|3-unsaturated carboxylic acids having 
from 3 to 5 carbon atoms and salts thereof. Suitable anionic monomers are e.g., 
acrylic acid, methacrylic acid, itaconic acid and salts hereof. Acrylic acid and 
itaconic acid are preferred. The preferable salts are sodium salts. 
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Cationic monomers can be unsaturated monomers containing amino groups or 
quaternary ammonium groups. When monomers containing amino groups are 
used, cationic sites are obtainable by forming salts of the amino groups with 
mineral acids. Prefen-ed unsaturated cationic monomers are 
methacryloyloxyethyltrimethylammonium chloride (MTMAC). 
acryloyloxyethyltrimethylammonlum chloride (ATMAC), diallyldimethylammonium 
chloride (DADMAC). methacrylamidopropyltrimethyl-ammonium chloride 
(MAPTAC), methacryloyloxyethylbenzyldimethylammonium chloride (MBMAC), and 
the hydrochloride salt of dimethylaminoethylmethacrylate (DMAEMA-HCI), The 
most preferred cationic monomer Is MTMAC. 

The ionic prepolymers for use in the invention can have an amount of anionic 
monomer plus cationic monomer up to about 50 mole percent, preferably up to 
about 20 mole percent, and most preferably up to about 10 mole percent, of the 
total of anionic, cationic, and nonionic monomers. The mole percent anionic 
monomer plus cationic monomer can be at least about 1 , preferably at least about 
3, and most preferably at least about 5. 

The amount of cationic monomer when present can be up to about to 25 mole 
percent, preferably up to about to 10 mole percent, and most preferably up to 
about 5 mole percent. The amount of cationic monomer can be 0, preferably at 
least about 1 and most preferably at least about 2 mole percent. 

The preferred molar ratio of cationic monomer to anionic monomer is at least 
about 1:10 and can be up to about 10:1, with the most preferred ratio being at least 
about 1 :2 and can be up to about 2:1 . 

A small amount of water soluble divlnyl monomer may also be Incorporated to 
increase the molecular weight of the ionic prepolymer by crosslinking without 
rendering it insoluble. Suitable divinyl monomens are N,N -methyienebisacrylamide, 
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ethyleneglycol dimethacrylate, and ethyleneglycol diacrylate. Preferably the divinyl 
monomer is N.N'-methylenebisacrylamide. 

Prefen-ed dialdehydes for reaction with the copolymer are glyoxal and Cgto 
about Cg saturated or unsaturated dialdehydes. Examples of such dialdehydes 
include malonic dialdehyde, succinic dialdehyde, glutaraldehyde, adipic 
dialdehyde. 2-hydroxyadiplc dialdehyde, pimelic dialdehyde, suberic dialdehyde, 
azelaic dialdehyde, sebacic dialdehyde, maleic aldehyde, fumaric aldehyde, 
phthalaldehyde, Isophthalaldehyde, terephthalaldehyde, and 
1 ,4-difomfiylcyclohexane. The most prefen-ed dialdehyde is glyoxal. 

The amount of dialdehyde used for reaction can be at least from about 0.01 
moles for each mole of nonlonic moiety (e.g., acrylamide) contained in the 
prepolymer. preferably at least about 0.1 moles, and most preferably at least from 
0.2 moles for each mole of nonionic moiety in the prepolymer. The amount of 
dialdehyde can be up to about 1 , preferably up to about 0.7 and most preferably up 
to about 0.5 moles for each mole of nonionic moiety in the prepolymer. 

The polyacrylamide prepolymers are prepared by free-radical initiated 
polymerization of acrylamide and an anionic monomer, such as acrylic acid, and 
optionally a cationic monomer, such as MTMAC. The product resin is prepared by 
reacting the prepolymer with dialdehyde, such as glyoxal to a target viscosity, 
followed by acid stabilization. The resulting product is a crosslinked, thermosetting, 
anionic or amphoteric resin containing aldehyde functionality. 

The reaction between the dialdehyde and prepolymer can preferably be 
canied out at a pH of at least about 5 and it can be up to about 10 and a 
temperature of at least about 20''C and up to about 90°C for a time sufficient to 
reach the viscosity target for the product. More preferably the pl-1 is at least about 
8 and up to about 9 and the temperature is at least about 25 and up to about 50*'C. 
During the reaction of dialdehyde with the pre|>olymer some crossllnking of the 
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product will occur through reaction of the aldehyde group with another amide- 
containing polymer chain. The crosslinking is accompanied by an increase in 
viscosity. The preferable target viscosity for the product is a Brookfield viscosity of 
at least about 50 cps as an 8.5% solids aqueous solution. The prefen-ed target 
viscosity can be up to about 500 cps. More preferably the target viscosity is at 
least about 100 and up to about 300 cps, and most preferably It is at least about 
150 and up to about 250 cps. 

By imparting cellulose reactive functionality to anionic or amphoteric 
polyacrylamide compositions, better perfomiance can be achieved. Cellulose 
reactivity can be imparted by derivitizing some of the acrylamide moieties e.g., with 
glyoxal. The reaction with glyoxal crosslinks or further crosslinks the resin 
backbone, which will often boost dry strength effectiveness, and also provides 
aldehyde functionality, which will react with cellulose hydroxyls. The reactions 
between resin aldehydes and cellulose hydroxyls form reversible covalent bonds 
(hemiacetals) which boost dry strength performance and provide some reversible 
(temporary) wet strength. 

The resins of the present invention can be added to paper pulp alone in the 
case of amphoteric resins, or with a cationic adjunct to improve retention in the 
case of either the anionic or amphoteric versions. The resins of this invention also 
boost the perfomiance of cationic wet strength or dry strength resins. 

Examples of cationic adjuncts include polyaminopolyamide-epi resins (such 
as Kymehe® 557H wet-strength resin available from Hercules Incorporated), 
cationic starch, polyamines (such as Reten® 203 polyamine available from 
Hercules Incorporated), polyamine-epi resins (such as Reten® 204 resin available 
from Hercules Incorporated) and polyethyleneimine. Prefen^ed cationic adjuncts 
are the polyaminopolyamide-epi resins and cationic starch. Most preferred cationic 
adjuncts are the polyaminopolyamide-epi resins. When used alone, the dry 
strength effectiveness of the amphoteric resins of this invention is comparable to 
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that obtained with poiyaminopolyamide-epi resins. When used in combination with 
polyaminopolyamide-epi resins» wet and dry strength performance is boosted by 
over 10% compared to the polyaminopolyamide alone. It is expected that paper 
treated with these resins alone would exhibit some wet strength (up to 50% of that 
5 obtained with polyaminopolyamide wet-strength resins at equal resin loading), and 
be more repulpable (on an equal strength basis) than paper treated with 
polyaminopolyamide-epi wet-strength resins. 

By the temi "cationic wet strength resin" is meant cationic polymers or 
adjuncts which when used alone in paper impart significant wet strength to the 
10 paper. 

Polymeric amine/eplhalohydrin resins are selected from the group consisting 
of polyaminoamide/epihalohydrin resins, polyalkylenepolyamine/epihalohydrin 
resins, aminopolymer/epihalohydrin resins, and polyaminoamide 
15 ureylene/epihalohydrin resins. The preferred epihalohydrin is epichlorohydrin.. 

The most preferred cationic wet strength resins for the practice of the 
invention are the polyaminoamide/epihalohydrin resins. Polyaminoamides 
containing tertiary amines in the backbone are disclosed in U.S. Patent Nos. 
20 4,487,884 and 4,515,657 to Maslanka, both of which are incorporated herein by 
reference in their entireties. If tertiary amines are present in the polyaminoamide or 
polyamine backbone, quaternary epoxide groups are produced. 

Kymene® wet strength resins are the preferred 

25 polyaminoamide/epihalohydrin resins. Some examples of 

polyaminoamide/epihalohydrin Kymene® wet strength resins, available from 
Hercules Incorporated, Wilmington, DE. are Kymene® 557H, Kymene® 557LX, 
Kymene® 557 SLX, Kymene® 557 ULX and Kymene® Plus. In Kymene® 557H 
adipic acid is reacted with diethylenetriamine to form a polyaminoamide that is 

3 0 alkylated and crosslinked with epichlorohydrin to fonn a 

polyaminoamide/epichlorohydrin resin. KymeneSPIus is a higher solids version of 
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Kymene® 557H. Kymene® 557LX, Kymene® 557SLX and Kymene® 557ULX are 
versions of Kymene® 557H that contain low amounts of halide by-products. 
Polyaminoamide/epichlorotiydrin resins containing low amounts of halide by- 
products are disclosed in U.S. Patent No. 5,171 ,795, to Miller et al., which is 
incorporated herein by reference in its entirety, European Patent Application 
Publication No. 0 488 767A2, to Bower, and European Patent Application 
Publication No. 0 510 987A1. to Bull et al. 

Kymene® 450 wet strength resin Is a polyaminoamide ureylene/ 
epichlorohydrin resin prepared by reacting oxalic acid, methyl 
bis(aminopropylamine) and urea to forni a polyaminoamide ureylene, which is then 
alkylated with epichlorohydrin. Resins of this type are disclosed in U.S. Patent No. 
4,487,884, to Maslanka. 

Kymene® 736 is a polyaikylenepolyamine/epichlorohydrin resin prepared 
from hexamethylenediamine and epichlorohydrin as described in European Patent 
Application Publication No. 0508203. October 14. 1992. 

The level of cationic adjunct used v/ill generally be in the range of from 
about 0.1 % to about 5% on a dry basis based on the dry weight of pulp. A 
prefenred level is from about 0.2% to about 4%, and a more prefen-ed level from 
about 0.3% to about 3%. The most prefenred level will be in the range of from about 
0.3% to about 2%. 

The synthetic scheme for a resin of the present invention based on an 8 mole 
percent acrylic acid anionic polyacrylamide is given In Figure 1 . Examples of the 
synthesis of the anionic polyacrylamide prepolymer, including ranges of properties 
and composition, are given iri the above referred to US 5.543,466. Prefen-ed 
prepolymer RSV is 0.5 to 2 dL/g. Preferred composition of acrylic acid is 4-12 mole 
percent. The prepolymer is dilated to 7 to 10% solids and glyoxal is added at 
ambient temperature. The mole ratio of glyoxal to acrylamide in the prepolymer 
ranges from 0.1 to 1.0. Prefen^d range is 0.15 to 0.5. Most prefen-ed mole ratio is 
0.25. The pH of the mixture is raised to about 9 with dilute NaOH. Solution 
viscosity (Gardner-Holdt) is monitored. After an increase of up to about 6 Gardner- 
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Holdt viscosity units, the reaction is quenched by reducing the reaction pH to about 
3. Final solids range from 7 to 10%, with 8.5% preferred. 

Figure 1 




o 

I o 




where X can be from 1 to 50, most preferably about 15. Y can be up to 5, most 
preferably about 1. 

10 The synthetic scheme for a resin of the present invention based on a 4 mole 

percent acrylic acid/3 mole percent MTMAC amphoteric polyacrylamide is given in 
Figure 2. 

Examples of the synthesis of the amphoteric polyacrylamide prepolymer are 
given in the above referred to WO 98/06898. Preferred prepolymer RSV is from 
15 0.5 to 2 dL/g. MTMAC and acrylic acid content in the prepolymer are less than 10 
mole percent. The reaction with glyoxal Is the same as described for the anionic 
version above. 



wo 00/11046 



- 9 - 



PCTAJS99/18706 



Figure 2 




where X can be from 1 to 50. most preferably about 15. Y can be up to 5. most 
preferably about 1. 

The product resins of the present invention are either anionic or amphoteric, 
crosslinked, themnosetting, and reactive with paper pulp fibers. For the anionic 
resins, a cationic adjunct or co-additive is usually necessary to retain the material 
on the anionic fiber surfaces. Such an adjunct can be a non-reactive material such 
as a retention aid (a polyDADMAC such as Reten® 203 retention aid or a cationic 
polyacrylamide such as Reten® 1232 retention aid) or a reactive resin 
(polyaminopoiyamide-epi resin, such as Kymene® 557H.resin polyamine-epi resin 
such as Kymene® 736 resin, or glyoxalated cationic polyacrylamide such as 
Hercobond® 1366 resin). The amphoteric resins of this invention, due to the 
presence of the cationic quatemary ammonium groups, can be retained without the 
use of a cationic adjunct. Retention and perfomnance, however, are usually 
increased by the use of a cationic adjunct. 

When the amphoteric resins of this invention are used alone or when the 
anionic or amphoteric resins of this invention are used in combination with a non- 
reactive cationic retention aid, paper dry strength is improved. This dry strength 
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improvement is usually better than that obtained with conventional, uncrosslinked, 
unreactive dry strength resins. In addition, some wet strength is obtained. 
Because of the reversible nature of the hemiacetals that give rise to this wet 
strength, the wet strength is temporary, i.e., it decays rapidly overtime. This 
temporary nature makes paper treated with the resins of this invention more 
repulpable than conventional polyaminopolyamide-epi wet-strength resins, when 
compared on an equal wet strength basis. 

When the cationic adjunct is a functional additive such as a 
polyamlnopolyamide-epi wet-strength resin, the resins of this Invention significantly 
improve the wet and dry strength perfomiance of the adjunct over non-dialdehyde- 
modlfled anionic or amphoteric polyacrylamides. 

The scope of the present invention as claimed is not intended to be limited 
by the following Examples which are given merely by way of illustration. All parts 
and percentages are by weight unless othenwise indicated. 

Example 1 

This examples describes the synthesis of a glyoxal-modified anionic 
polyacrylamide with a low crosslink density. 

An anionic polyacrylamide comprised of 8 mole percent of acrylic acid and 
0.04 mole percent of methylenebisacrylamide with a 0.05% reduced specific 
viscosity (RSV) measured in 2 molal sodium chSoride at 30°C in a Ubbelohde 
viscometer of about 1 .2 dL/g (500 g at 22.4% solids) and deionized water (1 100 g) 
were charged at ambient temperature to a 3 neck 2-riter round bottom flask 
equipped with a mechanical stirrer, glass stin-er shaft with Teflon stir blade, and pH 
probe. Solids of the mixture was 7.0% by weight. The pH of the mixture was 
raised from 4.5 to 7.2 using dilute caustic. Glyoxal (51 .98 g at 40% solids) was 
added via syringe. The pH was raised to 8.5 with 10% NaOH. The Gardner-Holdt 
viscosity was measured immediately (ASTM method D803) and was found to be an 
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E+. The reaction pH was maintained at 8.5 wliile the Gardner-Holdt viscosity of the 
mixture was monitored. After 50 minutes, the viscosity was a G+. The reaction 
was quenched by lowering the pH to 4 with sulfuric acid. Total solids were 7.45%. 
The sample was stored under refrigeration. 

Example 2 

This example describes the synthesis of a glyoxal-modified anionic 
polyacrylamide with a high crosslink density. 

The same anionic polyacrylamide prepolymer used to prepare the resin in 
Example 1 (500 g at 22.4 % solids) was charged to a flask equipped as described 
in Example 1 . The polymer was diluted to 7% solids with deionized water (1 100 g). 
The pH was adjusted to 7.45 with 10% NaOH. With stining, glyoxal (51.95 g at 
40% solids) was added to the flask an ambient temperature. 10% NaOH solution 
was added to raise the pH of the mixture to 8.5. The Gardner-Holdt viscosity was 
E+. The pH was maintained at 8.5 while the viscosity was monitored. Once the 
viscosity increased 4-6 Gardner-Holdt units, the reaction was to be quenched. 
After 61 minutes, the viscosity had increased to J. The reaction was quenched by 
reducing the pH to 4.0 with sulfuric add. Total solids were 7.88%. The mixture 
was stored under refrigeration. 

Example 3 

This example describes the synthesis of a glyoxal-nradified amphoteric 
polyacrylamide from a polyacrylamide prepolymer comprised of 4 mole percent of 
acrylic acid and 3 mole percent of MTMAC. 

An amphoteric polyacrylamide comprised of 4 mole percent of acrylic acid 
and 3 mole percent of MTMAC having an RSV of 0.8 dL/g (131 .0 g of a 17.5% 
solids solution, 22.9 g dry basis) was diluted to 7% solids with 196 g of water. The 
solution pH was raised fi-om 4.4 to 7 with 4.7 g of 5% caustic . Glyoxal (12.7 g of a 
40% solution, 5.07 g dry basis) was added to the solution all at once, at ambient 
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temperature. The pH of the mixture was raised to 8.5 with 1 .39 g of 5% caustic, 
again at ambient temperature. When the Gardner-Holdt viscosity (initially about 
"G") reached "M" (an increase of about 6 Gardner units in about 30 minutes), the 
crosslinking reaction was quenched by adding 2.5 g of 10% sulfuric acid to bring 
the pH down to 3. Final solids were about 8.5%. 

Example 4 

This example describes the synthesis of a giyoxal-modified amphoteric 
polyacrylamide from a polyacrylamide prepolymer comprised of 2 mole of Itaconic 
acid and 3 mole percent of MTMAG. 

An amphoteric polyacrylamide comprised of 2 mole percent of itaconic acid 
and 3 mole percent of MTMAG having an RSV of 1 .65 dL/g (60.0 g of a 1 6.4% 
solids solution, 9.84 g dry basis) was diluted to 7% solids with 80.6 g of water. The 
solution pH was raised to 7 with 5% caustic . Glyoxal (18.6 g of a 40% solution, 
7.42 g dry basis) was added to the solution all at once, at ambient temperature. 
The pH of the mixture was raised to 8.3 with 5% caustic, again at ambient 
temperature. When the Gardner-Holdt viscosity (initially about "G") reached 
(an increase of about 2 Gardner units in about 10 minutes), the crosslinking 
reaction was quenched by adding 10% sulfuric acid to bring the pH down to 3. 
Final solids were about 9.9%. 

gxampig 5 and 6 Cpmparativg Examples 1 tp 4 

These examples describe an evaluation in paper, demonstrating the 
improvement in wet and dry strength perfomiance of a polyaminopolyamide-epi 
wet-strength resin when used with resins of the invention. 

Paper handsheets were prepared from a 50:50 hardwood rsoftwood bleached 
kraft dry lap pulp blend refined to about 500 rnL Canadian standard freeness. 
Sheets were generated having 80 lb/30G0 sq. ft. basis weight at a papermaking pH 
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of about 8. The tensile strengths were detennined on two week naturally aged 
sheets by TAPPI methods T456 and T494. PAPAE = Kymene® 557H 
polyaminopolyamide-epi resin available from Hercules Incorporated, Pam = 
polyacrylamide. Ingredients and results are summarized in Table 1 . 

Table 1 



Example 


PAPAE {%) 


Resin (%) 


Dry Tensile (lbs/in) 


Wet Tensile (lbs/in) 


C-1 


0 


0 


39.4 


1.2 


C-2 


0.4 


0 


45.3 


7.7 


5 


0.4 


Example 1 (0.2) 


47.2 


8.1 


6 


0.4 


Example 3 (0.2) 


4B.1 


8.4 


C-3 


0.4 


Anionic PAm (0.2) 


48.8 


7.7 


C-4 


0.4 


Amphoteric PAm (0.2) 


42.7 


8.0 



mole percent acrylic acid 

mole percent acrylic acid. 3 mole percent MTMAC 

10 These examples demonstrate that the resin of this invention boosted the wet 

and dry strength obtained by the PAPAE resin alone. The wet strength 
improvements obtained with the resins of the invention were better than that 
obtained with the polyacrylamides prior to the process of the invention. 

15 Examples 7-9 and Comparative 5 and 6 

These examples describe an evaluation in a groundwood newsprint fumish, 
demonstrating the improvement in dry strength provided by the resin fomiulation of 
Example 4. 

20 Paper was prepared on a continuous papermal^ing former from a 95:5 blend 

of repulped groundwood newsprint (unrefined) and softwood bleached kraft pulp 
refined to about 410 mL Canadian standard freeness. Sheets were generated 
having 42 g/m^ basis weight at a papermal<ing pH of about 4.5 with 1% alum. 
Control runs (no additives) were prepared at 42 and 45 g/m^ basis weight for 

25 comparison. Ingredients and results are summarized in Table 2. 
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Example 


Basis Weight (g/m^) 


Resin of Example 4 
(%) 


Dry Tensile (ibs/in) 


C-5 


42 


0 


8.4 


C-6 


45 


0 


9.5 


7 


42 


0.2 


9.6 


8 


42 


0.4 


9.9 


9 


42 


0.8 


10.3 



These examples demonstrate that the resin of this invention boosted dry 
5 strength of a 42 g/m sheet to a level even higher than that obtained with a heavier 
(45 g/m^) sheet without such resin. Higher levels of resin afforded higher strength. 



Examples 10-13 a nd Comparative Examples 7 and 8 
These examples describe an evaluation In a recycled linerboard furnish, 
1 0 demonstrating the ability of the resins of this invention to impart both wet and dry 
strength when used alone, and to improve the wet and dry strength perfomiance of 
a polyaminopolyamide-epi wet-strength resin. 

Paper was prepared on a continuous papermaking fomier from repulped old 
15 comjgated containers (OCC) refined to about 400 mL Canadian standard freeness. 
Sheets were generated having 80 ib/3000 sq. ft. basis weight at a papemnalcing 
pH of about 6. All runs contained 1% alum and 0J5% cationic starch. PAPAE = 
low epi polyaminopolyamide-epi resin {epl:amine ratio = 0.25:1). Ingredients and 
results are summarized in Table 3. 
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Table 3 



Example 


PAPAE 

(%) 


Resin (%) 


Mullen 
Burst (psi) 


Dry Tensile 
(lbs/in) 


Ring Crush 
(lbs/in) 


Wet Tensile 
(lbs/in) 


C-7 


0 


0 


59.5 


36.4 


45.6 


1.7 


10 


0 


Example 3 (0.5) 


71.8 


40.5 


51.6 


3.5 


11 


0 


Example 4 (0.5) 


60.4 


38.6 


48.7 


2.5 


C-8 


0.5 


0 


71.8 


39.5 


52.4 


3.2 


12 


0.5 


Example 3 (0.5) 


73.0 


42.6 


57.3 


4.9 


13 


0.4 


Example 4 (0.5) 


73.1 


42.6 


52.5 


4.2 



5 Fxample 14 a nri Comparative Examples 9 and 10 

These examples describe an evaluation in a liquid packaging board furnish, 
demonstrating the ability of a resin of this invention to improve the wet and dry 
strength perfomiance of a polyamlnopolyamide-epi wet-strength resin. 

10 

Paper was prepared on a continuous papermalcing former firom a 70:30 
hardwood:softwood bleached kraft pulp blend refined to about 500 mL Canadian 
standard freeness. Sheets were generated having 180 lb/3000 sq. ft. basis weight 
at a papermaking pH of about 8. The strength data were detemiined on two week 
15 naturally aged sheets. All runs contained 0.5% cationic starch and 0.2% AKD size. 
PAPAE = Kymene® 557H polyaminopolyamide-epi resin. Ingredients and results 
are summarized in Table 4. 
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Example 


PAPAE 

(%) 


Resin (%) 


(psi) 


IMullen 
Burst (psi) 


Dry 
Tensile 

(lbs/in) 


Wet 
Tensile 
(lbs/in) 


C-9 


0 


0 


60.3 


101 


69.6 


2.9 


C-10 


0.5 


0 


74.8 


133 


84.2 


18.0 


14 


0.5 


Example 4 (0.5) 


95.5 


155 


93.9 


19.9 



'^'Z direction tensile strengtli detennined by TAPPi method T541 . 



Example 15 

This example describes tlie synthesis of a glyoxal-modlfied 
acrylamide/methacrylic acid copolymer. 

Dilute five hundred grams of a 20% solution of a 10 mole percent 
methacryiic acid/90 mole percent acrylamide copolymer to 7% solids with 928.6 
grams of deionized water in the reactor. Adjust the pH to 7.5 with 10% NaOH. 
With stirring, add glyoxal (45.0 grams of 40% solution) to the flask at ambient 
temperature, and add 10% NaOH solution to raise the pH to 8.5. Maintain pH at 
8.5 while monitoring the viscosity. The initial Gardner-Holdt viscosity of E increases 
to J over a period of one hour. Quench the reaction by reducing the pH to 4.0 with 
sulfuric acid giving a final solids of 7.8%. Store tiie product under refrigeration. 

Example 16 

This example describes the synthesis of a glyoxal-modified amphoteric 
copolymer of DADMAC, acrylic acid, and acryiamide. 

Dilute six hundred twenty-five grams of a 16.0% solution of a 5 mole percent 
acrylic acld/5 mole percent DADMAC/90 mole percent acrylamide copolymer to 7% 
solids With 803.6 grams of deionized water in the reactor. Adjust the pH to 7.5 with 
10% NaOH. With stirring, add glyoxal (43.2 grams of 40% solution) to the flask at 
ambient temperature, and add 10% NaOH solution to raise the pH to 8.5. Maintain 



10 



15 



20 



25 



wo 00/11046 PCT/US99/18706 

- 17 - 

the pH at 8.5 while monitoring the viscosity. The initial Gardner^Holdt viscosity of D 
increases to I over a period of 80 minutes. Quench the reaction by reducing the pH 
to 4.0 with sulfuric acid giving a final solids of 7.5%. Store the product under 
refrigeration. 

5 

Fvflmplfts 17- 19 and Comparative Examples 11-13 
This example describes an evaluation in a liquid packaging board furnish, 
demonstrating the ability of a resin of Ms invention to improve the dry strength 
performance of an polyaminopolyamide-epi wet-strength resin with or without 
10 added cationic starch. 

Paper was prepared on a continuous papermaking fonmer from a 70:30 
harelwood:softwood bleached kraft pulp blend refined to about 500 mL Canadian 
standard freeness. Sheets were generated having 180 lb/3000 sq. ft. basis weight 
15 at a papermaking pH of about 8. The strength data were detemiined on two week 
naturally aged sheets. All runs contained 0.2% AKD size. PAPAE = Kymene® 
557H polyaminopoiyamide-epi resin. 



Example 


Cationic Starch % 


PAPAE % 


Resin % 


ZDT (psi) 


C-11 


0 


0.3 


0 


55.2 


17 


0 


0.3 


Example 2 (0.3) 


66.2 


C-12 


0.5 


0.5 


0 


61.2 


18 


0.5 


0.5 


Example 2 (0.3) 


91.1 


C-13 


1.0 


0.3 


0 


67.7 


19 


1.0 


0.3 


Example 2 (0.3) 


84.4 
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Claims 

1. A composition comprising crosslinked thennosetting, water soluble 
polymer having nonionic moieties derived from acrylamide. metliacrylamide or 
both; anionic moieties derived from a,p-unsaturated carboxylic acids having from 3 
to 5 carbon atoms and salts thereof; moieties derived from water soluble divlnyl 
monomer and optionally cationic moieties derived from unsaturated monomers 
containing amino groups or quaternary ammonium groups, said polymer having 
aldehyde functionality wherein the aldehyde functionality is derived from a 
dialdehyde. 

2. A composition consisting essentially of crosslinked thermosetting, water 
soluble polymer having nonionic moieties derived from acrylamide, methacrylamide 
or both; anionic moieties derived from a.p-unsaturated carboxylic acids having from 
3 to 5 carbon atoms and salts thereof; and optionally cationic moieties derived from 
unsaturated monomers containing amino groups or quaternary ammonium groups, 
said polymer having aldehyde functionality wherein the aldehyde functionality is 
derived from a dialdehyde. 

3. The composition of claims 1-2 wherein the combined amount of anionic 
and cationic moieties in the polymer is at least about 1 mole % based on the total 
amount of anionic, cationic and nonionic monomers. 

4. The composition of claim 3 wherein the combined amount of anionic and 
cationic moieties in the polymer is at least about 3 mole %. 

5. The composition of claim 3 wherein the combined amount of anionic and 
cationic moieties in the polymer is at least about 5 mole %. 



wo 00/1 1046 PCT/US99/1 8706 

- 19 - 

6. The composition of claims 1-5 wherein the combined amount of anionic 
and cationic moieties in the polymer is up to about 50 mole % based on the total 
amount of anionic, cationic and nonionic moieties. 

7. The composition of claim 6 wherein the combined amount of anionic and 
cationic moieties In the polymer is up to about 20 mole %. 

8. The composition of daim 6 wherein the combined amount of anionic and 
cationic moieties in the polymer is up to about 10 mole %. 

9. The composition of claims 1-8 wherein the amount of cationic moieties is 
at least about 1 mole %. 

10. The composition of claim 9 wherein the amount of cationic moieties is at 
least about 2 mole %. 

1 1 . The composition of claims 1-10 wherein the amount of cationic moieties 
is up to about 25 mole %. 

1 2. The composition of claim 1 1 wherein the amount of cationic moieties is 
up to about 1 0 mole %. 

1 3. The composition of claim 1 1 wherein the amount of cationic moieties is 
up to about 5 mole %. 

14. The composition of claims 1-9 wherein the amount of cationic moieties 
is 0 mole %. 

15. The composition of claims 1-4 wherein the molar ratio of cationic 
moieties to anionic moieties is at least about 1:10. 
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16. The composition of claim 1 5 wherein the molar ratio of cationic moieties 
to anionic moieties is at least about 1:2. 

17. The composition of claims 1-1 6 wherein the molar ratio of cationic 
5 moieties to anionic moieties is up to about 1 0:1 . 

18. The composition of claim 17 wherein the molar ratio of cationic moieties 
to anionic moieties is up to about 2:1 . 

10 19. The composition of claims 1-1 8 additionally comprising moieties derived 

from water soluble divinyl monomer. 

20. The composition of claims 1-19 wherein the moieties derived from 
divinyl monomer are selected from the group consisting of N,N'- 

15 methylenebisacrylamide, ethyleneglycol dimethacrylate; and ethyleneglycol 
diacrylate. 

21 . The composition of claim 20 when the water soluble is divinyl monomer 
N,N-methylenebisacrylamlde. 

20 

22. The composition of claims 1-21 wherein the amount of aldehyde 
functionality is at least about 0.01 mole per mole of nonionic moiety. 

23. The composition of claim 22 wherein the aldehyde functionality is at 
25 least about 0.1 mole per mole of nonionic moiety. 

24. The composition of claim 22 wherein the aldehyde functionality is at 
least about 0.2 mole per mole of nonionic moiety. 

30 25. The composition of claims 1-24 wherein the amount of aldehyde 

functionality is up to about 1 mole per mole of nonionic moiety. 
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26. The composition of claim 25 wherein the aldehyde functionality Is up to 
about 0.5 mole per mole of nonionic moiety. 

27. The composition of claim 25 wherein the aldehyde functionality is up to 
about 0.7 mole per mole of nonionic moiety. 

28. The composition of claims 1-26 wherein the Brookfield viscosity of the 
polymer is at least about 50 cps as a 8.5% by weight aqueous solution. 

29. The composition of claim 28 wherein the Brookfield viscosity of the 
polymer is at least about 100 cps, 

30. The composition of claim 29 wherein the Brookfield viscosity of the 
polymer is at least about 1 50 cps. 

31 . The composition of claims 1-30 wherein the Brookfield viscosity of the 
polymer is up to about 500 cps as a 8.5% by weight aqueous solution. 

32. The composition of claim 31 wherein the Brookfield viscosity of the 
polymer is up to about 300 cps. 

33. The composition of claim 31 wherein the Brookfield viscosity of the 
polymer is up to about 250 cps. 

34. The composition of claims 1-33 wherein the aldehyde functionality is 
derived from dialdehydes selected from the group consisting of glyoxal, saturated 
dialdehydes having from 3 to 8 carbon atoms and unsaturated dialdehydes having 
from 3 to 8 carbon atoms. 
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35. The composition of claim 34 wherein the aldehyde functionality is 
derived from dialdehydes selected from the group consisting of glyoxal, malonic 
dialdehyde, succinic dialdehyde, glutaraldehyde, adipic dialdehyde, 2- 
hydroxyadipic dialdehyde, pimelic dialdehyde, suberic dialdehyde, azelaic 
dialdehyde. sebacic dialdehyde, maleic aldehyde, fumaric aldehyde, 
phthalaldehyde, isophthalaldehyde, terephthalaldehyde, and 1,4- 
difonnylcyclohexane. 

36. The composition of claim 34 wherein the aldehyde functionality Is 
derived from glyoxal. 

37. The composition of claims 1-36 wherein the anionic moieties are 
derived from acrylic acid, methacrylic acid, itaconic acid and salts thereof. 

38. The composition of claims 1-37 wherein the cationic moieties are 
derived from monomers selected from the group consisting of 
methacryloyloxyethyltri-methylammonium chloride, 

acryloyloxyethyltrimethylammonium chloride, diallyldimetnylammonlum chloride, 
methacrylamldopropyltrimethylammonium chloride, 

methacryloyloxyethylbenzyldimethylammonium chloride and the hydrochloride salt 
of dimethylaminoethylmethacrylate. 

39. The composition of claim 38 wherein the cationic moieties are derived 
from methacryloyloxyethyltrimethylammonium chloride. 

40. A process for preparing the polymer of claims 1-39 comprising: 

(a) providing a prepolymer comprising nonionic moieties derived from acrylamide, 
methacrylamide or both; anionic moieties derived from a,p-unsaturated carboxylic 
acids having from 3 to 5 cart)on atoms and salts thereof; and optionally cationic 
moieties derived from unsaturated monomers containing amino groups or 
quatemary ammonium groups and 
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(b) contacting said prepolymer with dialdehyde selected from the group consisting 
of glyoxal, saturated dialdehydes having from 3 to 8 carbon atoms and unsaturated 
dialdehydes having from 3 to 8 carbon atoms resulting In crosslinked, 
themiosetting resin containing aldehyde functionality. 

41 . The process of claim 40 wherein the prepolymer is contacted with the 
dialdehyde at a pH of at least about 5. 

42. The process of claim 41 wherein the prepolymer is contacted with the 
dialdehyde at a pH of at least about 8. 

43. The process of claims 40-42 wherein the prepolymer is contacted with 
the dialdehyde at a pH of up to about 10. 

44. The process of claim 43 wherein the prepolymer is contacted with the 
dialdehyde at a pH of up to about 9. 

45. The process of claims 40-44 wherein the prepolymer is contacted with 
the dialdehyde at a temperature of at least about 20^C. 

46. The process of claim 45 wherein the prepolymer is contacted with the 
dialdehyde at a temperature of at least about 25''C. 

47. The process of claims 40-46 wherein the prepolymer is contacted with 
the dialdehyde at a temperature of up to about 90°C. 

48. The process of claim 47 wherein the prepolymer is contacted with the 
dialdehyde at a temperature of up to about 50''C. 

49. The process of claims 40-48 wherein the prepolymer is contacted with 
the dialdehyde until the resulting resin has a Brookfield viscosity of at least about 
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50. The process of claim 49 wherein the prepolymer is contacted with the 
dialdehyde until the resulting resin has a Brookfield viscosity of up to about 500 
cps. 

51 . The process of claim 50 wherein the prepolymer is contacted with the 
dialdehyde until the resulting resin has a Broolcfield viscosity of up to about 300 
cps. 

52. The process of claim 51 wherein the prepolymer is contacted with 
dialdehyde until the resulting resin has a Broolcfield viscosity of up to about 250 
cps. 

53. The process of claims 49-52 wherein the prepolymer is contacted with 
the dialdehyde until the resulting resin has a Brookfield viscosity of at least about 
100 cps. 

54. The process of daim 53 wherein the prepolymer is contacted with 
dialdehyde until the resulting resin has a Broolcfield viscosity of at least about 150 
cps. 

55. The process of claims 40-54 wherein the prepolymer is contacted with 
the dialdehyde until the resulting resin has a Broolcfield viscosity of from about 150 
to about 250 cps, and wherein the amount of dialdehyde is from about 0.2 to about 
0.5 mole per mole of nonionic moiety in the prepolymer. 

56. The process of claims 40-55 v/herein the prepolymer additionally 
comprises nrtoieties derived from water soluble diyinyl monomer. 
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57. The process of claims 40-55 wherein the prepolymer additionally 
comprises moieties derived from water soluble divinyl monomer selected from the 
group consisting of N,N'-methylenebisacrylamide. ethyleneglycol dimethacrylate. 
and ethyleneglycol diacrylate. 

58. The process of claim 57 wherein water soluble divinyl monomer is N.N - 
methyieneblsacryiamide. 

59. A process for making paper having improved dry strength and wet 
strength comprising: 

(a) providing an aqueous suspension of pulp fibers; 

(b) adding to the aqueous suspension at least one crosslinked themiosetting, water 
soluble polymer according to any of claims 1-39; and 

(c) sheeting and drying the aqueous suspension to obtain paper having better dry 
strength and wet strength than paper that is substantially the same except that it 
does not contain said crosslinked, themnosetting polymer. 

60. A process for making paper having improved strength comprising: 

(a) providing an aqueous suspension of pulp fibers; 

(b) adding to the aqueous suspension (i) at least one crosslinked, themnosetting 
polymer according to any of claims 1-39 and (ii) at least one cationic adjunct resin; 
and 

(c) sheeting and drying the aqueous suspension to obtain paper having better dry 
strength and wet strength than paper that is substantially the same except that it 
does not contain said crosslinked, thermosetting polymer. 

61 . The process of claim 60 wherein the cationic adjunct resin is selected 
from the group consisting of polyaminopolyamide epichlorohydrin resin, cationic 
starch, polyamines, polyamine epichlorohydrin resins and polyethyleneimine. 
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62. The process of claims 60-61 wherein wherein the cationic adjunct resin 
is polyaminopolyamide epichlorohydrin resin. 

63. Paper comprising at least one crosslini<ed thermosetting, water soluble 
polymer according to any of claims 1-39. 

64. Paper comprising: 

(a) at least one crosslinlced, thermosetting, water soluble polymer according to any 
of claims 1 -39 and 

(b) at least one cationic adjunct resin. 
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